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Abstract When two target elements are presented in
close proximity, the endpoint of a saccade is generally
positioned at an intermediate location (‘global effect’).
Here, we investigated whether the global effect also occurs
for eye movements executed to distracting elements. To
this end, we adapted the oculomotor capture paradigm such
that on a subset of trials, two distractors were presented.
When the two distractors were closely aligned, erroneous
eye movements were initiated to a location in between the
two distractors. Even though to a lesser extent, this effect
was also present when the two distractors were presented
further apart. In a second experiment, we investigated the
global effect for eye movements in the presence of two
targets. A strong global effect was observed when two
targets were presented closely aligned, while this effect
was absent when the targets were further apart. This study
shows that there is a global effect when saccades are
captured by distractors. This ‘capture global’ effect is
different from the traditional global effect that occurs when
two targets are presented because the global effect of
capture saccades also occurs for remote elements. The
spatial dynamics of this global effect will be explained in
terms of the population coding theory.
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Introduction
In order to explore our environment, we continuously make
fast eye movements called saccades. The endpoint of a
saccade to a target element is known to be inﬂuenced by
the presence of other elements in the visual scene. For
instance, when two elements are presented in close prox-
imity, the saccadic endpoint will be positioned at an
intermediate location (Coren and Hoenig 1972). This
phenomenon, known as the ‘global effect’, occurs only
when both elements are presented within 20–30 of angular
distance (Walker et al. 1997). The global effect is consid-
ered a reﬂexive (bottom-up) event, because it only occurs
for the shortest latencies of the latency distribution (Ottes
et al. 1985; Godijn and Theeuwes 2002) and is modulated
by low-level factors as luminance and size (Findlay 1982;
Deubel et al. 1984).
The global effect is generally explained in terms of the
‘center of gravity account’, which states that the saccadic
endpoint is based on the relative saliency of different ele-
ments in the saccade map (Coren and Hoenig 1972). When
the distance between two elements is small, the average
saliency will be located in between these two elements.
This explanation is in line with the population coding
theory of Tipper et al. (1997, 2000). This theory states that
each neuron in a motor map codes an individual vector that
encodes the movement toward the corresponding location.
It is assumed that a movement program results in activation
of a broad population of vectors. Eye movements are ini-
tiated in the direction of the average of the vectors present
in the oculomotor system. When two elements are pre-
sented simultaneously in close proximity, the average
movement vector will point to an intermediate location.
The resulting eye movement will therefore reﬂect an
average of the eye movements to both elements.
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pants had to execute an eye movement to a target element
that elicited the global effect (e.g., He and Kowler 1989;
Van der Stigchel et al. 2010). The present study investi-
gates whether the global effect also occurs for eye move-
ments executed to nontarget elements, i.e., to distractor
elements. To this end, we used the oculomotor capture
paradigm (Theeuwes et al. 1998, 1999), in which the task
of the participant is to make an eye movement to a target
circle with a unique color. In half of the trials, an additional
circle is presented with abrupt onset (‘distractor’). On a
large portion of trials, participants are unable to inhibit an
eye movement to the location of the distractor before
executing a saccade to the target (‘capture saccades’).
Erroneous saccades in the oculomotor capture paradigm
are dominantly reﬂexive, because the distractor does not
need to be attended in order to successfully perform the
task. Moreover, there is no explicit task instruction to
ignore the distractor. The distractor is therefore task-irrel-
evant (Godijn and Kramer 2006; Van der Stigchel 2010).
It is currently unclear whether a global effect can be
elicited by capture saccades. One previous study that
investigated the effect of multiple distractors on perfor-
mance in the oculomotor capture task revealed little evi-
dence for a global effect for capture saccades when two
distractors were presented (Kramer et al. 2001). There was
no global effect in a ﬁrst experiment, and only a small
effect in a second experiment in which the timing of pre-
sentation of the two distractors was manipulated. More-
over, no effect of the distance between the two distractors
on the global effect was observed, which is inconsistent
with previous studies that the global effect is only observed
when both elements are presented within 20–30 of angular
distance (Walker et al. 1997). It has to be noted that the
analyses of the endpoint shift of capture saccades was
somewhat limited, because it was limited to capture sac-
cades which were executed to the actual centre of the two
distractors, instead of a detailed analysis of the endpoint
shift.
In the present study, the ﬁrst experiment was designed to
investigate the endpoint shift of capture saccades in detail
by using a variation of the oculomotor capture task in
which a high level of capture is expected. To measure the
global effect of capture saccades, the oculomotor capture
paradigm was adapted such that two distractors were pre-
sented in a portion of the trials. The distance between the
two distractors was varied to study the spatial dynamics of
the endpoint shift of capture saccades. Furthermore, the
color of the distractor was the same as the color of the
target element. Due to the increased similarity between
target and distractor, the percentage capture saccades will
be higher compared to the original version of the oculo-
motor capture paradigm in which the color of the distractor
was the same as the non-targets (Mulckhuyse et al. 2008).
To study the endpoint shift of capture saccades in detail, a
high percentage of capture trials was required.
Besides studying the endpoint shift evoked by the
presence of two distractors, this paradigm also allowed to
investigate whether the percentage capture saccades is
inﬂuenced by the presence of a second distractor. Consid-
ering the biased competition account (Desimone and
Duncan 1995), the unique bottom-up signal evoked by a
single distractor is assumed to be less strong when an
additional distractor is present, compared to when the
distractor is the sole bottom-up signal. Similar to the
ﬁndings by Kramer et al. (2001), we therefore predict that
the percentage capture will be lower when two distractors
are presented compared to when one distractor is presented.
Experiment 1
Methods
Subjects
A total of ten participants (19–25 years old), all naive to
the purpose of the experiment, participated in the experi-
ment. Four of the participants were men. All had normal or
corrected-to-normal visual acuity. Informed consent was
obtained prior to the study in accordance with the guide-
lines of the Helsinki Declaration.
Apparatus
Participants performed the experiment in a sound-attenu-
ated setting, viewing a display monitor from a distance of
57 cm. Eye movements were recorded by an Eyelink 1000
system (SR Research Ltd, Canada), an infrared video-based
eye tracker that has a 1,000 Hz temporal resolution and a
spatial resolution of 0.01. The participant’s head was
stabilized with a chin rest, and an infrared remote tracking
system compensated for any residual head motion. The left
eye was monitored. An eye movement was considered a
saccade when either eye velocity exceeded 35/s or eye
acceleration exceeded 9,500/s
2.
Stimuli and design
Participants viewed a display containing a gray plus sign
(1.0 9 1.0) on a black background in the centre of the
display, which was used as ﬁxation point. Eight green
circles (1.8 in diameter) were positioned on an imaginary
circle around central ﬁxation point with a radius of 11.7 at
0, 45, 90, 135, 180, 225, 270, and 315 degrees (0 degrees
being the top position). After 400 ms, all circles, except
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123one, changed color to red. The remaining green circle was
the target circle. This target circle was either located at 45,
135, 225, or 315 degrees on the imaginary circle. The
ﬁxation point was removed 200 ms before target onset.
There were three different conditions (see Fig. 1). In
one-third of the trials, there was no distractor presented.
In one-third of the trials, an additional green square
(1.5 9 1.5) was presented simultaneously with the target
presentation on the same imaginary circle as the other
circles (‘distractor’). The distractor was always positioned
in the opposite hemiﬁeld to the target at a ﬁxed position.
When the target was presented in the right visual ﬁeld, the
distractor was presented at either 202.5, 247.5, 292.5, or
337.5 degrees. When the target was presented in the left
visual ﬁeld, the distractor was presented at either 22.5,
67.5, 112.5, or 157.5 degrees. In one-third of the trials, two
additional distractors were presented simultaneously with
the target presentation on the same imaginary circle as the
other circles. The distractors were always positioned in
the opposite hemiﬁeld to the target at ﬁxed positions. When
the target was presented in the right visual ﬁeld, the dis-
tractors were either presented at 202.5 and 337.5 degrees
(far distractors) or at 247.5 and 292.5 degrees (close dis-
tractors). When the target was presented in the left visual
ﬁeld, the distractors were either presented at 22.5 and 157.5
degrees (far double distractors) or at 67.5 and 112.5
degrees (close double distractors).
The target display was presented for 1,200 ms. After-
ward all objects were removed from the display.
Procedure
Participants were instructed to ﬁxate the center ﬁxation
point until the target appeared, when they were to move
their eyes to the target. Each session started with a nine-
point grid calibration procedure. In addition, simulta-
neously ﬁxating the center ﬁxation point and pressing the
space bar recalibrated the system by zeroing the offset of
the measuring device at the start of each trial. The sequence
of trials was randomized. The experiment consisted of 720
experimental trials and 24 practice trials. Participants heard
a warning sound when they made an eye movement before
the stimulus target appeared or when saccade latency was
longer than 500 ms.
Data analysis
When the endpoint of a saccade was within 5.4 of the
target, it was classiﬁed as landed on the target. Saccade
latency was deﬁned as the interval between target onset and
the initiation of the eye movement. Trials were excluded
when the latency of the saccade was shorter than 50 ms or
longer than 500 ms. Moreover, trials were excluded from
analysis when a saccade larger than 2 was made before the
onset of the target. The exclusion criteria led to a loss of
4.4% of trials.
For saccade latencies, an Analysis of Variance
(ANOVA) was run with Condition (no distractor, single
distractor, double distractor) as a factor. Post-hoc t tests
were used to compare the different conditions.
A capture trial was deﬁned as a trial in the distractor
condition in which a saccade landed on the distractor
before landing on the target. Saccades were classiﬁed as
landed on the distractor when the endpoint of a saccade
was within 5.4 of the distractor. An ANOVA with Con-
dition (single distractor, close double distractor, far double
distractor) as a factor was run. Post-hoc t tests were used to
compare the different conditions.
No Distractor
Single Distractor
Far and Close 
Double Distractor
Experiment 1 Experiment 2
Single Target
Far and Close 
Double Target
Fig. 1 Left the different
conditions of Experiment 1.
In one-third of the trials, no
distractor was presented. In one-
third of the trials, a single
distractor was presented in the
opposite visual ﬁeld of the
distractor. In the remaining
trials, two distractors were
presented, also in the opposite
visual ﬁeld of the distractor.
The distance between the two
distractors was varied. Right the
different conditions of
Experiment 2. In half of the
trials, one target was presented,
while two targets were
presented in the other half of the
trials
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123To investigate the effect of the distance between the
distractors on the landing position of capture saccades, we
ﬁrst created a smoothed heatmap of the endpoints of cap-
ture saccades in the different conditions (see Fig. 2). As
can been seen in Fig. 2, the endpoints of capture saccades
are shifted to an intermediate location when two distractors
are presented closely aligned. On the basis of Fig. 2,w e
created areas in which the capture saccades could land.
Because we wanted to compare the number of eye move-
ments falling in between the two distractors, the region
between the center of each of the two close distractors was
divided in four areas. These four areas were equally large
(14.4 9 2.2) for each condition to enable an adequate
comparison between the different conditions. The size of
the areas was chosen such that it would compass the
majority of the capture saccades as illustrated in Fig. 2. See
Fig. 3 for an illustration of the various boxes. The two
boxes adjacent to the centre of the distractors were named
the distractor boxes. The two boxes in between the two
distractor boxes were named the global boxes.
We compared the number of capture eye movements
falling in the distractor boxes to the number of capture eye
movements falling in the global boxes. To account for
differences in the amount of capture between the single and
the double distractor condition, the proportion of eye
movements that landed in the global box was computed for
each condition (global box/(global box ? distractor box)).
Subsequently, we subtracted the proportions for the double
distractor condition from the single distractor condition for
each possible distractor position. Therefore, the compari-
son of the double distractor condition with the single dis-
tractor condition involves the distractor presented at the
same location as the one from a pair that is under consid-
eration. This was done to account for possible idiosyncra-
sies in endpoint patterns. The resulting values for the close
double distractor and far double distractor conditions were
compared to zero using a t test to analyze whether more
capture saccades landed in the global effect box compared
to the single distractor condition. Furthermore, these two
values were compared to each other using a t test to ana-
lyze whether more capture saccades landed in between the
two distractors in the close double distractor condition
compared to the far double distractor condition. Finally, we
analyzed saccade latencies for the distractor and the global
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Fig. 2 Illustrations of the endpoints of capture saccades for the four
distractor conditions. For each condition, a heatmap was created by
convolving a pixel image with a Gaussian kernel (r = 0.25). The
image was divided in regions of ﬁve-by-ﬁve pixels, and the capture
saccades (reoriented to always have the target in the lower right
corner) were classiﬁed for all observers accordingly. Following this
classiﬁcation, the image was smoothed to create the heatmap. Only
the ﬁeld containing the distractors is visible in the ﬁgure. See Fig. 3
for an illustration of the conﬁguration of target and distractors. The
left column contains the heatmaps for the single distractor; the right
column contains the heatmap for the condition with double distrac-
tors. The upper row shows the conditions in which distractors were
presented close together, the bottom row shows the conditions in
which the distractors were presented far apart. It can clearly be seen
that the mean endpoint of capture saccades is shifted to an
intermediate location when two distractors are presented closely
aligned
Target
Distractor Box
Distractor Box
Global Box
Global Box
Distractor
Distractor Target
Distractor
Distractor
Distractor Box
Global Box
Distractor Box
Global Box
tors c a r t s i d   e l b u o d   r a F s r o t c a r t s i d   e l b u o d   e s o l C Fig. 3 Positions of the boxes
used in the analyses, reoriented
to always have the target in the
lower right corner. The
distractor boxes are adjacent to
the centre of the distractors,
whereas the global boxes are
located in between the two
distractor boxes
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123box to investigate the temporal dynamics of capture sac-
cade initiation.
Results
Saccade latency
We examined saccade latencies for saccades directed to the
target. An ANOVA with Condition (no distractor, single
distractor, double distractor) as a factor revealed a main
effect(F(2,18) = 68.974;P\0.0001).Saccadelatenciesin
the no distractor condition (mean = 260 ms; SD = 23 ms)
were signiﬁcantly shorter than when a single distractor was
presented (mean = 288 ms; SD = 24 ms; t(9) = 9.62;
P\0.0001) and when double distractors were presented
(mean = 283 ms; SD = 28 ms; t(9) = 8.43; P\0.0001).
Furthermore, saccade latency in trials with one distractor
was signiﬁcantly longer than trials in which double dis-
tractors were presented (t(9) = 2.44; P\0.05).
For trials with a single distractor, latencies for saccades
directed to the distractor were shorter (mean = 211 ms;
SD = 18 ms) than for saccades that were directed to the
target (mean = 288 ms; SD = 24 ms; t(9) = 22.35;
P\0.0001). Also for trials with double distractors, laten-
cies for saccades to one of the distractors were shorter
(mean = 220 ms; SD = 22 ms) than saccades that were
directed to the target (mean = 283 ms; SD = 28 ms;
t(9) = 9.81; P\0.0001). In trials with a single distractor,
latencies for saccades to the distractor were signiﬁcantly
shorter than in trials with double distractors (t(9) = 2.70;
P\0.05).
Saccade latencies for the distractor and the global box
For the close double distractor condition, there was no
difference in saccade latencies for the global box and the
distractor box (t(9) = 0.58; P = 0.58). This effect was also
absent for the far double distractor condition (t(9) = 0.82;
P = 0.43).
Oculomotor capture
An ANOVA with Condition (single distractor, close double
distractor, far double distractor) as a factor revealed a main
effect (F(2,18) = 20.304; P\0.001). In trials with one
distractor, percentage oculomotor capture was higher
(mean = 49%; SD = 19%) than when close double dis-
tractors were presented (mean = 38%; SD = 21%; t(9) =
2.90; P\0.02) and when far double distractors were
presented (mean = 25%; SD = 11%; t(9) = 6.90; P\
0.0001). Furthermore, trials with close double distractors
showed a higher percentage oculomotor capture than trials
with far double distractors (t(9) = 3.22; P\0.02).
Landing position of capture trials
See Fig. 4 for a one-dimensional distribution of the
direction of capture saccades for the different conditions.
As explained in the analysis section, we computed the
proportion trials that landed in the global box (see Fig. 3).
We corrected for the baseline landing position as observed
in the single distractor condition by subtracting the pro-
portions for the double distractor condition from the
single distractor condition for each possible distractor
position. The resulting values for the close double dis-
tractor (mean = 35%; SD = 18%) and far double dis-
tractor conditions (mean = 17%; SD = 12%) differed
signiﬁcantly from zero (close: t(9) = 6.18; P\0.001; far:
t(9) = 4.49; P\0.01). This indicates that for both double
distractor conditions, more capture saccades landed in the
global box compared to the single distractor condition.
However, a subsequent t test showed that this effect was
larger in the close double distractor condition compared
to the far double distractor condition (t(9) = 2.74;
P\0.03).
Discussion experiment 1
Experiment 1 investigated the shift of the endpoint of
capture saccades executed in the presence of two dis-
tractors. The oculomotor capture paradigm was adapted
such that two onset distractors were presented on a subset
of trials. Results showed that capture saccades evoked by
double distractors tended to land on a position in between
the two distractors, revealing a global effect of capture
saccades. Importantly, even though the shift in endpoint
was less strong compared to when two distractors were
presented closely aligned, there was a signiﬁcant shift in
endpoint also in the condition in which the distractors
were presented far apart. This seems to be inconsistent
with the idea that endpoint shifts only occur when both
elements are presented within 20–30 of angular distance
(Walker et al. 1997). To investigate whether this shift of
endpoint evoked by a remote element is restricted to
saccades that are captured by onset distractors, we ran a
second experiment in which we presented either one or
two targets. Similar to Experiment 1, the elements were
presented with abrupt onset. This set-up enabled us to
unravel whether the shift of endpoint also occurs when an
eye movement is made in the presence of two remote
targets.
Exp Brain Res (2011) 210:57–65 61
123Experiment 2
Methods
Subjects
A total of ten participants (21–37 years old), all naive to
the purpose of the experiment, participated in the experi-
ment. Five of the participants were men.
Apparatus, stimuli, and design
The same experimental set-up as Experiment 1 was used.
In Experiment 2, no distractor was presented, but one or
two targets appeared 400 ms after the eight green circles
were presented. The possible locations at which the target
could appear were the same as the distractor locations in
Experiment 1. In half of the trials, one target was pre-
sented, while two targets were presented in the other half of
the trials. See Fig. 1 for an illustration of the various
conditions.
Procedure
Participants were instructed to ﬁxate the center ﬁxation
point until the target appeared, when they were to move
their eyes to the target. In case of two targets, they were
instructed to make an eye movement to one of the targets.
The experiment consisted of 480 experimental trials and 16
practice trials.
Data analysis
The same criteria were used as in Experiment 1. The
exclusion criteria led to a loss of 6.4% of trials.
For saccade latencies, an Analysis of Variance
(ANOVA) was run with Condition (single target, close
double target, far double target) as a factor. Post-hoc t tests
were used to compare the two conditions.
To investigate the effect of the distance between the
targets on the landing position of saccades, we used the
same criteria as in Experiment 1. The two boxes adjacent to
the centre of the targets were named the target boxes. The
two boxes in between the two target boxes were named the
global boxes. The resulting values for the close double
target and far double target conditions were compared to
zero using a t test to analyze whether more saccades landed
in the global effect box compared to the single target
condition. Furthermore, these two values were compared to
each other using a t test to analyze whether more saccades
landed in between the two targets in the close double target
condition compared to the far double target condition.
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Saccade latency
We examined saccade latencies for saccades directed to the
target. An ANOVA with Condition (single target, close
double target, far double target) as a factor revealed a main
effect (F(2,18) = 33.595; P\0.0001). Saccade latencies
in the condition in which far double targets were presented
(mean = 259 ms; SD = 42 ms) were signiﬁcantly longer
than when a single target was presented (mean = 236 ms;
SD = 41 ms; t(9) = 6.20; P\0.001) and when close
double targets were presented (mean = 235 ms; SD =
45 ms; t(9) = 7.62; P\0.001).
Landing position of capture trials
See Fig. 5 for the one-dimensional distribution of the
direction of the saccades in the different conditions and the
smoothed heatmap of the endpoints of the saccades. Sim-
ilar to Experiment 1, we computed the proportion trials that
landed in the target box and corrected for the baseline
landing position as observed in the single target condition.
The resulting values for the close double targets differed
signiﬁcantly from zero (mean = 27%; SD = 14%;
t(9) = 6.06; P\0.001). This effect was absent for the far
double target conditions (mean =- 5%; SD = 10%;
t(9) =- 1.56; P = 0.15). This indicates that only for the
close double target conditions, more saccades landed in the
global box compared to the single target condition.
A subsequent t test indeed showed that this effect was
larger in the close double target condition compared to the
far double target condition (t(9) = 7.52; P\0.0001).
Discussion experiment 2
In Experiment 2, participants made an eye movement in the
presence of either one or two targets. Results showed that
the eye movement landed in between the two targets when
the targets were presented closely aligned. In contrast to
Experiment 1, this effect was absent when two remote
targets were presented. These results are in line with the
idea that endpoint shifts only occur when both elements are
presented within 20–30 of angular distance (Walker et al.
1997).
Saccade latency was higher for two remote targets than
when two targets were presented that were closely aligned.
Moreover, saccade latency for close targets was similar to
the condition in which only one target was presented. This
illustrates that two close elements might be treated by the
oculomotor system as one object. When two remote targets
are presented, the oculomotor system has to select one of
the targets as the goal of the eye movement. This selection
process takes time, which accounts for the observed
increase in saccade latency.
General discussion
The present study investigated whether a global effect can
also be observed in erroneous eye movements toward
distractors. In Experiment 1, the oculomotor capture
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Fig. 5 Left smoothed heatmap of the endpoints of the saccades in the different conditions. Right one-dimensional distribution of the direction of
the saccades executed in Experiment 2
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123paradigm was adapted such that two onset distractors were
presented on a subset of trials. Results showed that capture
saccades evoked by double distractors tended to land on a
position in between the two distractors, revealing a global
effect of capture saccades. Because the color of the onset
distractor(s) was equal to the color of the target element
(Mulckhuyse et al. 2008), a high percentage of capture was
observed ([25%).
The present results with respect to the global effect of
capture saccades might seem inconsistent with the study by
Kramer et al. (2001) who did not observe a consistent global
effect of capture saccades. However, there are a number of
differences between the two studies that may explain the
differences in results. First, in the present study, the onset
distractor(s) had the same color as the target which resulted
inanincreasednumberofcapturesaccades,allowingamore
detailed analysis of endpoint shifts of capture saccades.
Second, our analyses did not only focus on the centre loca-
tion between the two distractors but also on a more subtle
endpoint shifts toward one of the two distractors. As can be
seen in Fig. 3, the endpoint was not always positioned
exactly in between the two elements but was sometimes
slightly shifted toward the other distractor (especially when
the distance between the two distractors was large). There-
fore, a more detailed analysis was required to reveal the
endpoint shift evoked by an additional distractor.
The observed global effect for saccades that are captured
by the distractors is in line with the population coding
theory of Tipper et al. (1997, 2000). As noted, this theory
states that eye movements are initiated in the direction of
the average of the vectors present in the oculomotor sys-
tem. The present results show that the population coding
theory also holds for the averaging of capture saccades.
Only in a subset of trials, however, the endpoint was
positioned exactly in between the two distractors. In the
majority of the trials, the endpoint was still predominantly
positioned close to one of the two elements and shifted
toward the other element. This was also the case in
Experiment 2, in which participants had to execute an eye
movement to a target which was accompanied by an
additional target in half of the trials. It has to be noted that
within each experiment, both elements had equal impor-
tance for the task, providing no a priori reason to select one
of the two elements. This observation indicates that the
merging of the eye movement programs that underlies a
completely ‘averaged’ saccade is restricted to a limited
number of trials. In the majority of the trials, one of the
elicited vectors will be relatively stronger than the other
vector. The subtle shift of saccade endpoint in these trials
can then be attributed to residual activity of the other
vector.
Our results are inconsistent with the idea that the end-
point shift only occurs when both elements are presented
within 20–30 of angular distance (Walker et al. 1997).
Although the global effect was strongest when the dis-
tractors were presented closely aligned, there was a small
but consistent shift of saccade endpoint in the condition in
which two distractors were presented further apart. The
observation that elements need to be presented within a
restricted zone for averaging to occur was made in a study
in which participants made a voluntary eye movement to a
target element (Walker et al. 1997). It is therefore possible
that the averaging of remote distractors only occurs for
involuntary eye movements, like capture saccades. Exper-
iment 2 investigated the global effect for eye movements in
the presence of two targets. Again, a strong global effect
was observed when the distance between the two targets
was small. In contrast to Experiment 1, however, no shift in
saccade endpoint was observed when the two targets were
presented further apart.
Onthebasisoftheresultsofthetwoexperiments,itseems
that the global effect that occurs for saccades which are
captured by onset distractors is different from the traditional
global effect, because it spreads over a much larger extend
(i.e.,when distractersare presentedrelatively far apart). This
difference might be due to the fact that saccades that are
captured by distractors are basically involuntary, because
they constitute of eye movements that are erroneously made
to a distracting element. It is known that these eye move-
ments are executed on the basis of bottom-up information
(Theeuwes et al. 1998) and are not under top-down control.
In Experiment 2, eye movements were at least partly under
top-downcontrol,becausetheywereexecutedonthebasisof
the instruction to execute an eye movement to either one of
thetargetelements.Intermsofthepopulationcodingtheory,
this may indicate that when two targets are presented
simultaneously,thedetectionofeither oneofthe targetsmay
allow a fast engagement of top-down spatial control, block-
ing out the vector associated with the remote target but not
when the target elements are relatively close to each other.
This idea is consistent with a recent study by Belopolskyand
Theeuwes(2010)Belopolskyetal.(2007)whichshowedthat
theextenttowhichobserversspreadtheirattentionacrossthe
visual ﬁeld (the so-called attentional window) determines
whether irrelevant events capture our attention. When
attention is spread, there is capture across the visual ﬁeld.
When attention is relatively focused there is only capture
withintheattendedarea.ItislikelythatinExperiment1there
is no opportunity to focus attention, because the detection of
a distractor does not allow an engagement of top-down
spatial control. This causes bottom-up signals across the
visual display to capture attention and affect the eye move-
ment program. In Experiment 2, the detection of any one of
thetargetsallowsafastfocusingofattentionontoarestricted
area blocking out the effect of signals presented outside but
not within the focused attentional window.
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123Consistent with the ﬁndings of Kramer et al. (2001), the
percentage capture in Experiment 1 was higher in the
condition with one distractor compared to the condition
with two distractors. This result is in line with the biased
competition account (Desimone and Duncan 1995),
because the unique bottom-up signal evoked by a single
distractor is less strong when an additional distractor is
present, compared to when the distractor is the sole bot-
tom-up signal. Interestingly, the stronger bottom-up signal
when a distractor is the sole bottom-up signal resulted in
capture saccades with a shorter latency than when an
additional distractor was presented. This indicates that the
strength of a bottom-up signal can inﬂuence the speed of
the evoked reﬂex, as revealed by the latency of the capture
saccade.
Furthermore, when two distractors were presented clo-
sely aligned, the percentage capture saccades was higher
than when the two distractors were presented further apart.
This ﬁnding can be explained by the idea that the two
objects are regarded as one signal when they are presented
in close proximity. In this situation, the two elements might
be treated by the oculomotor system as one object. Indeed,
in situations in which the global effect occurs, neural
activity in the important motor map in the midbrain, the
superior colliculus, has been found to be highest at a
location in between the two targets (Van Opstal and Van
Gisbergen 1990; Glimcher and Sparks 1993) (but see
Edelman and Keller 1998). The ﬁnding that the percentage
of capture was higher when one distractor was presented
compared to when two distractors were presented closely
aligned indicates that this only occurs to a certain degree.
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